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The prosperity and development of organic agriculture has been recently noticed and the need for the objective assessment and analysis of organic products arises. Organic products, including milk, are produced in compliance with the legislative conditions of organic farming (Commission Regulation (EC) No. 889/2008 and Act No. 242/2000 in the Czech Republic). The evaluation of organic systems is focused mainly on meeting the legal conditions of production without any special assessment of the final product. Consumers buy organic because they believe it is a healthier choice. "Food naturalness" (no artificial flavours, additives or colourings), domestic origin, no use of chemical fertilisers, natural, healthy and no toxins (Hill & Lynchehaun 2002; Stolz et al. 2011) , as well as no use of genetically modified organisms are the attributes often used by consumers to distinguish between organic and conventional products. Furthermore the gender (mainly middle-aged women with an educational level of high school or less belong to the group of likely consumers of organic food products), a higher income level, the presence of children may indicate a higher likelihood to purchase organic products (Gil et al. 2000; Michaelidon & Hasssan 2008) . Current food research, however, cannot support extensive health benefits or harms by consuming organic vs. conventional products (Hajšlová et al. 2005; Schulzová et al. 2007; Komprda 2009 ). The evaluation of the influence of the milk production type on the health status of human is very controversial. According to Ellis et al. (2007b) and Dangour et al. (2010a,b) , there was still lacking evidence for nutrition-related health effects resulting from the consumption of organic food. However, Kummeling el al. (2008) found a decreased eczema risk when children consumed organic dairy products. Popović- Vranješ et al. (2012) considered a better impact of organic milk on the health of consumers using holistic methods such as biocrystallisation and rising picture methods.
Comparing organic and conventional cows' milks, most of research focuses on the changes of its composition. For example, Sakowski et al. (2012) discuss the effect of breeding on the contents of conjugated linoleic acid (CLA) and lipophilic vitamins. In their experiment, Holstein Friesian dairy cows kept in organic herds gave milk with a higher level of antioxidants. The lower milk yield of these cows had a positive impact on the higher level of vitamins A, E, and D 3 as well as on the beneficial fatty acids content compared to the conventional group. Butler et al. (2009 Butler et al. ( , 2011a , Prandini et al. (2009 ), O'Donnell et al. (2010 , and Popović- Vranješ et al. (2011) show the positive effect of organic farming residing in increasing the content of n-3 PUFA (as a-linolenic acid), CLA, vitamin A, and antioxidants (a-tocopherol, lutein, zeaxanthin, and β-carotene) in milk; substances that are generally considered beneficial to health (Halliwell 1996; McGuire & McGuire 1999; Lemaitre et al. 2003) .
Organic milk has a dominant position among organic foods. There are a number of comparative studies on the composition and properties of organic and conventional cows' milks. According to some authors, milk from organically certified systems contains more polyunsaturated fatty acids including n-3 polyunsaturated fatty acids and CLA (Ellis et al. 2006; Bloksma et al. 2008; Popović-Vranjes et al. 2010; Butler et al. 2011b) , vitamins, and calcium (Bergamo et al. 2003; Butler et al. 2008) . The more favourable fatty acids profile of organic milk in these studies has been mainly associated with organic diets richer in fresh grass and clover which conventional diets are based on silage and concentrates. Slots et al. (2009) and Stergiadis et al. (2012) also confirmed that the composition of milk is associated with the feeding strategy of the farm.
On the contrary, Rey-Crespo et al. (2013) found significantly lower essential trace element concentrations (Cu, Zn, I, and Se) in organic milk because these elements are routinely supplemented at high concentrations in the conventional concentrate feed.
Many consumers appreciate sensory hedonic aspects in organic products, which can also be explained on the ground of differences in the feeding regimes commonly used in organic farming herds (Croissant et al. 2007; Kalač 2011) . Milk from dairy cows fed on grass and legumes silage (organic farming) has a different flavour compared to that of milk from cows fed on maize silage (conventional farming), that may affect sensory characteristics (Mogensen et al. 2010) .
Although there are many papers comparing basic milk composition and other parameters of organic vs conventional milk, there are no studies in the Czech Republic on casein, free fatty acids, freezing point values, and microbiological safety reflected by coliform bacteria as well as on the sensory quality of organic and conventional milks. The aim of this study was therefore to determine whether there is any difference between organic and conventional systems in the composition parameters of raw milk from the same area and time of the year as well as in the sensory evaluation.
MATERIAL AND METHODS
Milk samples. Bulk tank samples of raw cows' milk (Holstein breed) delivered for analysis to the central milk laboratory over the period of one year (JuneMay) were compared. The samples were collected from farms in the middle of each month throughout the year. A total of 2206 samples of milk were collected, 528 of which were from organic farming systems certified in compliance with Act No. 242/2000. Basic milk components (fat, protein, lactose, non-fat solids, and casein) were monitored, as well as other quality indicators (total mesophilic bacteria count, coliform bacteria, somatic cell count, freezing point, urea and free fatty acid contents). Non-standardised samples of pasteurised homogenised whole milk were used for the sensory evaluation.
Instrumental analysis. The analyses of raw milk samples were carried out on the following instruments: Bentley 2300, 2500 (Bentley Instruments, Inc., Chaska, USA) and MilcoScan FT 6000 (Foss-Electric, Hillerød, Denmark) were used for fat, proteins, casein, lactose, and non-fat solids contens; Ureakvant (Agroslužby Olomouc, s.r.o., Czech Republic) for urea content; Somacount 300, 500 (Bentley Instruments, Inc.) and Fossomatic FC (Foss-Electric, Hillerød, Denmark) for somatic cell count; BactoCount IBC (Bentley Instruments, Inc.) for total mesophilic bacteria count, and CryoStar automatic (Bentley Instruments, Inc.) for freezing point determination. The coliform bacteria count was determined by cultivation at 30°C for 24 h (ISO 4832:2006) . Sensory analysis. The sensory hedonic quality of 171 pairs of organic and conventional non-standardised pasteurised whole milk samples was evaluated using the pair comparison preference test (ISO 5495:2005) . The pair comparison test was used because this method is effective for determining whether any perceptible differences exist. The ISO standard for this test was reprinted in 2005 and describes a new statistical approach.
The sensory panel comprised employees and students of the Department of Quality of Agricultural Products, Czech University of Life Sciences Prague. The panellists were selected, trained, and monitored after ISO 8586-1:1993 and had special sessions for training in the evaluation of milk and dairy products (ISO 22935-1:2009 ). According to the new pair comparison test methodology, the values of p d , α, and β were chosen as: α = 0.05; p d = 40%, and β = 0.001. In this case, there is a 95% confidence level that a high proportion of the assessors will be able to perceive the difference. Therefore the number of assessors should be at least 132.
Statistical analysis. Raw milk samples results that did not meet the standard limits for milk (TMBC more than 100 × 10 3 CFU/ml, SSC more than 400 × 10 3 /ml, fat less than 3.3 g/100 g, and the CBC more than 1500 CFU/ml) were excluded from statistical processing (Commission Regulation (EC) No 1662/2006; ČSN 57 0529). The remaining data were checked for the values below or above the given limits. Such observations were excluded from the analysis. In the case of positively skewed distribution, logarithmic transformation was used to adjust the data to normal distribution. First, the data were characterised using the mean and the standard deviation (SD). The impact of the factors "type of agriculture" and "month" was evaluated using two-way analysis of variance (ANOVA). In the case of significant difference, Scheffe's method was used to provide the multiple comparisons. To evaluate whether a relation occurrs between the type of agriculture and presence of coliform bacteria on a scale yes (1-1500 CFU/ml) or no (no colony detected), Pearson's chi-square test was used. All the analyses were performed using statistical software IBM SPSS Statistics, vers. 20 (IBM. Armonk, USA). For all statistical tests, 5% level of significance was used.
RESULTS AND DISCUSSION
Raw milk evaluation. The results of analyses of raw cows' milk samples coming from organic and conventional farming are summarised in Table 1 . Two-way ANOVA results of both types of farming are given in Table 2 . Comparing the various components of milks from organic and conventional farming there was a statistically significant difference in the fat content of milk as well as in the effect of month. Milk from conventional agriculture had on average a lower fat content which is in line with Zagorska and Ciprovica (2008) . The fat content shows certain seasonality during the year (the lowest content in summer and highest in winter) (results not shown).
The average values are in accordance with other studies comparing organic and conventional milks (Toledo et al. 2002; Bergamo et al. 2003; Kuczynska et al. 2012) . These results between studies might be due to different breeds included in these experiments (Winter et al. 2002; Kühn et al. 2004) or to differences in nutrition of the cows whose milk was compared: high quality, coarsely chopped feed, provided in sufficient amounts available in organic farms (Zagorska & Ciprovica 2008) . The protein content was significantly lower in organic than in conventional milk. The seasonal difference was found mainly between the periods March to August and October to December (results not shown). Our findings agree with other studies focused on the comparison of the protein content between the two types of production (Olivo et al. 2005; Nauta et al. 2006; Hanuš et al. 2008a; Battaglini et al. 2009; Kuczynska et al. 2012) . There was also a significant difference in the content of casein in milk (lower content in organic milk and late spring and summer months when compared with organic and winter months, respectively), which is also consistent with some published results (Hanuš et al. 2008a) . Kuczynska et al. (2012) found higher concentrations of beneficial whey proteins in organic than in conventional milk. However, there are some studies present contradictory results. Butler et al. (2008) found a higher protein content in organic than in conventional milk but Toledo-Alonzo (2003) , Zagorska and Ciprovica (2008) , and Stergiadis et al. (2012) showed no difference in protein and/or casein contents between organic and conventional milks. The lower content of protein in organic milk can be explained by the lower amount of starch in organic diets which results from the lower amounts of concentrate feeds provided to cows. Another reason can be the lack of sugar-rich juicy feed, which stimulates the production of butyric acid used for protein synthesis (Zagorska & Ciprovica 2008) . On the other hand, the alternative breeds used in organic farming (e.g. Jersey cows) might be able to compensate the loss of protein content by having the potential to produce milk with a high protein content (Carroll et al. 2006; Stergiadis et al. 2013) .
Our analysis also showed a higher lactose content in conventional and winter milk which is in line with the findings of Kuczynska et al. (2012) but not in agreement with many previously published studies (Toledo et al. 2002; Olivo et al. 2005; Hanuš et al. 2008b; Battaglini et al. 2009 ). The content of lactose could be affected by the higher concentrations of sugar in cows' feeding (Zagorska & Ciprovica 2008 ) but according to Sutton (1989) , only very small changes in lactose concentration occur in the response to diet. Another possible reason for the differences between the studies is the comparison of a smaller number of samples or samples from different breeds. Sabbioni et al. (2012) concluded that the effect of management system on different breeds is not the same. Higher protein and lactose contents in conventional milk additionally resulted in a statistically significant difference in non-fat solids in milk.
There is a lack of literature data comparing free fatty acid (FFA) content and freezing point (FP) of milks from organic and conventional farming. In our experiment, no significantly higher content of free fatty acids was detected in organic milk in comparison to conventional milk but there was a significant effect of month and the system by month interaction. The lowest FFA content was detected in milk coming from December. This may indicate a lower degree of lipolysis in winter caused by the enzyme lipase produced by rumen microorganisms (Bylund 1995) . Higher levels of FFA in summer than in winter relating with different lipolytic activity can be explained by later stages of lactation occurring in summer (Chazal & Chilliard 1996) . Organic milk also had a higher freezing point (-0.526°C) than conventional milk (-0.529°C) which depends mainly on the content of lactose, chlorides and other (Fox & McSweeny 1998) . The variations in the freezing point of milk have been attributed to many factors including the feed, water intake, heat stress etc. A lower urea content in milk from organic farming was previously reported (Toledo et al. 2002; Toledo-Alonzo 2003; Hanuš et al. 2008a; Zagorska & Ciprovica 2008) but although the urea values were numerically smaller, this difference was not statistically significant probably due to the small number of samples analysed (n = 18). No statistically significant difference was found in the somatic cell count (SCC) in different types of milk production, being in consistency with Rosati and Aumaitre (2004) , Battaglini et al. (2009) and Cicconi-Hogan et al. (2013) . Other studies have, however, shown the opposite conclusion. Higher SCC in organic milk was found by Nauta et al. (2006) or Kuczynska et al. (2012) while Toledo et al. (2002) , Olivo et al. (2005) , and Cermanova et al. (2011) found a lower SCC in organic milk. These controversial findings may suggest that SCC could depend mainly on the hygiene and health status of dairy cows and not so much on the farming system. On the other hand SCC in bulk tank milk is not a clear indicator of mastitis incidences in the farm because cows treated for mastitis (high SCC) would be milked separately and their milk would not end up in the bulk tank samples.
Hygienically inferior environmental conditions (shortcomings in daily cleaning and disinfection of all milking equipment) are usually the main reason for poorer microbiological quality of milk (Bylund 1995) . In our case the milk from organic farming had a higher total mesophilic bacteria count as well as a higher percentage of samples with positive coliform bacteria count (46.1% for organic and 37.4% for conventional milk, Pearson's chi-squared test, P = 0.014). The comparison of coliform bacteria counts in the case of positive samples (CBC to 1500 CFU/ml), however, did not show differences between the types of farming or months. Previous studies from several countries showed no difference in bacteria count between organic and conventional milks (Sato et al. 2005; Ellis et al. 2007a; Muller & Sauerwein 2010) . One possible reason could be the difference in the size of farm and the way of milking equipment disinfection.
Pasteurised milk evaluation. During the sensory analysis of whole pasteurised organic and conventional milks, panellists had to answer whether there is a difference between the samples. If so, they should have decided which sample of milk from the pair they preferred. There were a total of 171 pairs for the evaluation. The assessors responded that there was no difference between samples in 52 pairs (30%). Organic milk was preferred in 65 cases (38%) and conventional in 54 cases (32%) but these results did not differ significantly. According to Croissant et al. (2007) and Mogensen et al. (2010) , maize silage, fresh grass, and other feed components that are routinely fed in different amounts in organic and conventional herds are the main factors affecting the sensory quality of milk. However, Croissant et al. (2007) showed that the trained panellists may be able to identify different flavours in pasture-based milk (grassy, mothball) but these are unlikely to change the overall consumers' acceptance of pasture based organic or conventional milks.
CONCLUSIONS
Eleven parameters of raw organic and conventional milks including casein and free fatty acids contents, freezing point and coliform bacteria count together with sensory evaluation of pasteurised milk could bring a more comprehensive comparison of these management systems. There were higher contents of protein, casein, lactose, and non-fat solids in conventional milk, which also demonstrated a lower freezing point. On the contrary, a higher content of fat, a higher total mesophilic bacteria count, and a higher percentage of samples with positive coliform bacteria count were found in organic milk. The majority of these analytical parameters could have been affected by the feeding composition which differs between organic and conventional farming systems. Sensory analysis of pasteurised milk did not show any hedonic difference between organic and conventional milks. Organic farming brings a potential form of friendly approach to exploitation of natural resources in agriculture. However, further research is still needed for a better understanding of organic milk benefits.
